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CHAPTER I 

AN EVALUATION OP PRESCRIPTIVE TEACHING OP 

REMEDIAL SEVENTH-GRADE ARITHMETIC 

Introduction 

The need for mathematics in contemporary American society 

scarcely needs documentation. The great importance of 

teaching mathematics effectively to all students was pointed 

out by Welmer (23, p. 6), He mentioned the need in modern 

science, business, finance and industry. "It is not realistic 

to attempt to educate children properly without paying at-

tention to these dominating forces in our environment." 

Unfortunately, not all pupils are achieving at an accept-

able rate in mathematics. Stonzel (17, p. 30) pointed this 

out graphically when she described the ordinary junior high 

school grade level. She indicated that about 10 per cent are 

excellent math pupils, 10 per cent are above average, lj.0 per 

cent "mediocre" and "thenthere are (l\.0fo) or more in the low-

average, below average, and—alas,—remedial classes." 

A reasonable explanation for this situation was pointed 

out by Newman (13# p» 753)• "Teacher preparation, textbooks, 

and curriculum materials that are oriented to the 'average1 

pupil have little specific provision for the mathematically 
I 

disadvantaged pupil." He further pointed out that if these 



students are to successfully learn mathematics, provision 

must be made for them. 

Recent curriculum raform movements in mathematics retain 

one of the basic weaknesses of the older programs, according 

to Travers (22, p, 591), They are directed toward the average 

and above average pupil. 

Perhaps the greatest need of pupils who are consistantly 

achieving below grade level in mathematics is for computa-

tional skills. When tie potential employment prospects of 

pupils not attending college are considered, the need to com-

pute with accuracy and speed is evident. 

This study examined a possible solution to the problem 

of adequately meeting one of the needs of a large sector of 

our school population--the underachievers, 

Statement of Problem 

The problem of this study was to evaluate the effective-

ness of prescriptive teaching of arithmetic to seventh grade 

pupils who were achieving at least one year below grade level 

in mathematics. 

Purpose of Study 

The purpose of the study was to determine the effect of 

prescriptive teaching of arithmetic to seventh grade pupils 

who are achieving at least one year below grade level in com-

putation, concepts, and application skills in arithmetic. 

More specifically,'the study was designed to determine the 
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effect of highly individualized prescriptive teaching of com-

putation skills on the three areas of weakness--computation, 

concepts, and application skills. 

Another purpose of the study was to compare the effective-

ness of prescriptive teaching of arithmetic computation with 

ordinary classroom instruction on the three variables—compu-

tation, concepts, and applications. 

Hypotheses 

The following hypotheses were investigated by statistical 

analysis of data: 

1, Mean gain in arithmetic computation of subjects in 

the experimental program will exceed that of the control sub-

jects. 

2, No significant difference vd.ll be found between the 

mean gain of the subjects in the experimental program and 

that of the control subjects in arithmetic concepts, 

3, No significant difference will be found between the 

mean gain of the subjects in the experimental program and 

that of the control subjects in arithmetic applications. 

ij.. The scores of the posttest for the subjects in the 

experimental program will be significantly higher than the 

pretest scores on arithmetic computation. 

5. No significant difference will be found between 

pretest and posttest scores of the control subjects on arith-

me tic computation. 
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6. No significant difference will be found between the 

pretest and posttest scores of the subjects in the experi-

mental program on arithmetic concepts, 

7. No significant difference will be found between the 

pretests and posttest scores of the control subjects on 

arithmetic concepts. 

8. No significant difference will be found between the 

pretest and the posttest scores of the subjects of the experi-

mental program on arithmetic application# 

9# No significant difference will be found between the 

pretest and the posttest scores of the control subject's on 

arithmetic application. 

Theoretical Background 

Educators have long decried the need for individualizing 

instruction. Newman (13, p. 753) pointed out that the ideal 

situation for individualizing instruction would be a student-

tutor relationship. He realized, however, that this would be 

impractical because of the large number of qualified personnel 

required. He believed that the next best thing would be 

limited tutorial instruction for those who seem to need it 

most. In this study effort was made to individualize in-

struction for the experimental group. 

Pergusen (I}., p, 63) further emphasized the need for in-

dividualization when he said, "We must have opportunities for 

individualized instruction and provide the opportunity for 



pupils to proceed at more nearly the speeds that are best 

suited for them Different media must be explored," 

Pouty (15# p. 10) gave a prerequisite necessary for ade-

quately providing for Individual differences: 

The need for meaningful diagnosis leading to 
specific educational remediation of learning and 
behavior problems continues. Clearly, a necessity 
exists for an educational diagnosis based on the 
child's school behavior and abilities. 

The concepts of programmed instruction vie re embodied in 

a design for individualized instruction by Lindvall (10, 

pp. 217-253). 

1. The objectives to be achieved must be spelled out 
in terms of desired pupil behaviors. 
2. To the extent possible, instruction objectives 
should be ordered in a sequence which makes for effec-
tive pupil progression with a minimum number of gaps 
or difficult steps and with little overlap or unneces-
sary repetition, 
3. If pupils are to work through a curriculum on an 
individual basis, it is essential that instructional 
materials be such that pupils can learn from them with-
out constant help from a teacher and can make steady 
progress in the mastery of the defined objectives, 
fj., In individualized instruction care must be taken 
to find out what skills and knowledge each pupil pos-
sesses and to see that each one starts in the learning 
sequence at the point which is most appropriate for him, 
5* For individualized instruction, conditions must be 
provided which permit each pupil to progress through a 
learning sequence at a pace determined by his own work 
habits and by his ability to master the designed in-
structional objectives, 
6. If instruction is to be effective, it must make 
provisions for having the student actually carry out and 
practice the behavior which he is to learn, 
7. Learning is enhanced if students receive rather 
immediate feedback concerning the correctness of their 
efforts in attempting to approximate a desired behavior, 
8. The final criterion for judging any instructional 
sequence must be its effectiveness in producing changes 
in pupils. 



These requirements were met by the program of in-

struction in this study. 

Madden (12, p. 379) contends that "the current status 

of the measurement of computation and the diagnosis of defi-

ciencies seems to be very good." 

GoodXad (6, p. 8) contends that 

Human variability demands alternatives. 
The sound selection of alternatives demands 
diagnosis of the individual and the avail-
ability of viable alternatives from which 
•to prescribe. Diagnosis and prescription 
are teaching functions. 

Creative diagnosis and prescription by 
teachers must be facilitated—if we are ever 
to talk less and act more with respect to 
meeting the needs of individual learners. 

Of the various techniques available as alternatives 

for individualizing instruction, self"instructional 

material is among the best, Much resistance to the use 

of programmed material has been aroused, Lackner (9, p.l8l) 

attempts to alleviate some of the misgiving. 

Perhaps current hostility in educational 
circles toward programmed learning is due to 
a misconception of its purpose,..Programmed 
learning is not intended to replace the class-
room teacher but rather to supplement, com-
plement, and augment the teacher's efforts. 
As the writer views it, anticipated purposes 
of teaching, such as providing remedial work, 
supplementing a topic, or enlarging existing 
teaching techniques, are the objective of any 
programmed text or self-instructional learning. 

If programmed learning was originally in-
tended to replace the classroom teacher, it 
has fallen short of its goal. Yet, programmed 
learning has been found generally to be as effective 
as classroom teaching...The reader should be par-
ticularly aware of the cited purpose of the pro-
grammed materials. 



Suppes (21, p, 30I4.) described the results of most re-

ported studies on programmed instruction by saying that 

pupils using we11-written programmed material "will be able 

to master some material as well as students in a regular class 

in somewhat less time." 

Definition of Terms 

Terms which have special meaning in this study are 

listed below: 

Prescriptive teaching,—The terra "prescriptive teaching" 

is used to describe a technique in which individual differ-

ences on a number of variables including I.Q,, scores, 

achievement in arithmetic areas and achievement in reading 

are determinants in the selection of learning experiences 

for the individual pupil# 

Experimental program,—The experimental program is the 

total program of each subject assigned to the experimental 

group. No effort will be made to isolate the effects of 

specific treatments used. 

Auditory reading assistance.—"Auditory reading assis-

tance" is the terra used to describe the use of an audio-tape 

recording to assist students in reading the written in-

structions, directions, and answer explanations of a linear 

program. 



8 

Tests and Materials 

Below is a list of all instruetional materials and 

testing instruments employed in this study: 

3-* Lessons for Self "Instruction in Basic Skills: 

Arithmetic Fundamentals,— These twenty programmed booklets 

on arithmetic computation are sub-divided into specific skill 

areas described below and range in difficulty from grade 

three through nine or higher, Leo J. Bruekner (1) is the 

author. Set G for grades nine and above was not used in the 

study, 

Audio-Graphic Programmed Instruction: Reducing 

Fractions,"- This is a program developed by James H, Peck 

(llj.) and Allan G, Calkin of the Gary Job Corps Training Center, 

This is a programmed lesson in which audio-taped explanations, 

discussions of answers, directions, responses, encouragement, 

and verbal emphasis are presented with graphic (printed) dia-

grams, illustrations, numberals, short phrases, and responses, 

3« Decimals and Per Cents.-— M, Daniel Smith (16) wrote 

this linear programmed text which contains eleven sections. 

Sections one through three are designed to teach place values 

and decimal numbers; sections four through six introduce per 

cents, using fractions to develop understanding of the re-

lationships between decimals and per centsj sections seven 

and eight teach the symmetric property of equations; section 

eight teaches multiplication and division with decimal 

numbers; sections nine, ten, and eleven develop techniques 
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for solving simple word problems involving decimals and per 

cents# Sections of this program were used with and without 

auditory reading assistance, 

Ij., A S H D Addition, A S M D Subtraction, A S M D 

Multiplication, and A S M D Division,-- These four programmed 

texts cover the four operations with whole numbers. They 

were written by John D, Hancock (7) and others. The format 

of this material makes it easy to assign those sections 

needed by the students without assigning the whole book. 

Due to the linear nature of this book, they were used both 

with and without auditory reading assistance, 

5>, Programmed Math: Fractions,— This book is a pro-

grammed text covering the basic concept of fractions, 

additions, subtraction, multiplication and division of common 

fractions, multiplication and division of fractions by whole 

numbers, reducing fractions, addition and subtraction of mixed 

numbers, converting improper fractions to whole or mixed 

numbers, borrowing in subtraction of fractions, multipli-

cation of mixed numbers, and addition and subtraction of 

unlike fractions and mixed numbers. This book was written 

by Marjorie Sullivan (20) and associates. The linear format 

made this book amenable to auditory reading assistance. 

Decimals and Percentage Decimals, — William Hauck 

(8) and others wrote this programmed text. The book is divided 

into seven parts: the first part is on the theory of decimal 

fractions; the second part is on addition and subtraction of 

decimals; the third part is on rounding decimals; the fourth 
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part deals with multiplying decimals; the fifth part covers 

division of decimals; the sixth part deal3 with decimal and 

common fraction equivalents; the la Lit part is a review of the 

first six parts. Although this program had a linear format, 

the opportunity never arose to use auditory reading assis-

tance with this program. 

Decimals and Percentage II, Percentage.--This pro-

grammed text was a continuation of Decimals and Percentage I# 

It, too, was written by Hauck (8); and others. This book was 

divided into four parts: The first, an introduction to per 

cent; the second, on equations and per cent; the third, on 

discount and interest; and the last, a review of the previous 

three. Auditory reading assistance was not used with this 

material because no student working with this program needed 

it. 

8. Honor Learning; System: Fractions I and Fractions II.--

These two programs were developed by Honor Products Company (£))• 

The programs were presented by the Honor Teaching Machine. The 

program stresses understanding fractions, addition and sub-

traction of increasingly difficult fractions and mixed numbers, 

as well as terminology, reducing fractions and mixed number 

operations. Assignment of small sections of the program was 

not recommended, 

9. L S I Locators in Arithmetic Fundamentals„--This is 

a set of four diagnostic tests published by the California 

Test Bureau (11). Although they were designed to be used with 
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Lessons for Self Instruction, the items are such that the in-

dividual needs of each subject can be identified sufficiently 

to provide remedial experiences by other means as well, 

10. Comprehensive Test of Basic Skillst level 2, form Q,, 

Arithmetic Skills Area (2),--This is a test recently developed 

by California Test Bureau. It was designed to measure compu-

tation, concepts, and application skills. Level 2, the level 

selected for this study, was designed for use with fourth, 

fifth, and sixth grade pupils, but since the achievement level 

of the subjects in this study fell generally within this range, 

it was selected instead of a higher level. This teat was se-

lected as a pretest, 

11. Comprehensive Test of Basic Skills, level 2, form R, 

Arithmetic Skills Area (3),—1This is a comparable form of the 

above test. It was selected as a posttest. 

Science Research Associates (S R A) Achievement Test3 

Arithmetic Scales (18),--These three tests were employed, not 

only as criteria for selection of population, but also as 

covariates. 

13. Science Research Associates (£> R A) Primary Mental 

Abilities Test (19).—Two scales of this test--number facili-

ties and composite score—were used as covariates, 

Basic Assumptions 

It was assumed that the twenty-five best matched pairs, 

matched on arithmetic computation, concept, and application 

skills, represent a random sample of the total population of 

under-achieving pupils from which they were drawn. 
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Limitations of the Study 

1, The study included pupils from only one North-cen-

tral-Texas school, 

2, This study was concerned only with achievement in 

arithmetic. 

3, This study included only seven weeks of concentrated 

instruetion* 

A study involving a different period of time or a less 

concentrated approach would conceivably produce different 

results* 

Procedure 

One hundred twenty-three pupils who scored at or below 

the fifth year, eighth month on all three arithmetic scales 

of the SRA Achievement Test in the fall of 1968 were given 

Form Q, Level 2 of the Arithmetic section of the Comprehen-

sive Test of Ba3ic Skills (2), a test developed by the staff 

of California Test Bureau, as a pretest. All subjects 

scoring above a specified score (I4.O) on the computation 

scale were eliminated from the study. 

The remaining pupils were matched on the three scales 

of the pretest—computation, concepts, and applications. 

The twenty-five best matched pairs of pupils were used in 

the study. By the toss of a coin one subject from each pair 

was placed in the experimental program and the other served 

as the control. The control subjects returned to theii| usual 

classes with no further special attention until the posttest. 

The subjects in the experimental program met daily with 

a certified mathematics teacher at the time they regularly 
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would meet their raathmetic3 classes. These pupils were given 

L S I Locators in Arithmetic Fundamentals (11). Frequent 

diagnostic examinations of the subjects progress were made 

during the course of the study on an individual basis. Since 

small groups of pupils were taught--a total of twenty-five 

during five periods--much individual attention could be given 

to each pupil. 

Self-instructional material was issued to each subject 

on the basis of his needs as diagnosed by L S I Locators. 

All subjects with a reading level below the sixth grade in the 

fall were given linear programs with auditory reading assis-

tance or Audio-Graphic Programs, depending on their individual 

needs. The instructor had frequent individual conferences 

with each subject to encourage and erinforce him. 

All materials used were designed for the improvement of 

computational skills since these were considered of greatest 

importance to the pupils involved. The instructor did con-

stantly strive to maintain a positive attitude on the part of 

subjects by emphasizing their successes and minimizing their 

failures. Individual tutoring by the instructor was used 

when it was deemed necessary or appropriate. 

At the conclusion of the seven week experimental pro-

gram, Form R, Level 2 of the Arithmetic section of the Com-

prehensive Test of Basic Skills (3) was administered to both 

the experimental and control subjects as a posttest. I 
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Treatment of Data 

Two separate approaches wore used in analyzing the results 

of pretest and posttest: the first for testing hypotheses one, 

two, and three and the second for testing hypotheses four 

through nine. 

The linear effect of age, sex, performance on S O 

Achievement Tests in all three arithmetic areas—computation, 

concepts, and reasoning—and I.Q,, as measured by S R &. 

Primary Mental Ability Test were removed by a covariate tech-

nique from gain scores for both the experimental and control 

groups. 

In testing hypotheses one, two, and three, the pretest 

scores were also equated by residualized gain for all subject 

gains. The difference between the gain scores on computation, 

concepts and application of the subjects in the experimental 

program and the control subjects were simultaneously tested 

by use of Hoetellings T-square. The ,05 level of significance 

was required for rejecting the null hypothesis. 

If the null hypothesis was rejected, the groups would be 

compared on each variable by simultaneous confidence intervals. 

Again the ,05 level of significance would be required for re-

jecting the null hypotheses* 

For the second approach Fisher's t tests with repeated 

measures was run comparing the pretest scores with the posttest 

scores on each of the three variables for the control subjects 
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and the subjects in the experimental program. To reduce the 

possibility of chance occurrence of a significance due to re-

peated use of t, the ,01 level of significance was required 

to reject the null hypotheses. 
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CHAPTER II 

REVIEW OP RELATED RESEARCH 

This chapter is divided into three parts, each of which 

concerns an integral aspect of this study. The first section 

is on individualization of instruction, which is at the heart 

of prescriptive teaching. The second section deals with pro-

grammed materials. The last section contains the available 

research on the materials utilized in this study. 

Individualization of Instruction 

Among the first approaches to providing for individual 

differences was ability grouping. The general result of most 

studies in which ability grouping was compared with hetero-

geneous grouping wa3 "no significant difference" (i}., 8, 6, 

11, 12, 20, 26). There were a number of reasons for this 

result. Two reasons î ere that, even with ability grouping, 

a wide range of abilities was still found in nearly all 

classes (6, 16, 26), and the learning activities and even the 

materials to be learned were usually the same for all groups 

regardless of the abilities of the pupils in the class (6, 

20, 26). 

A logical extension of the concept of ability grouping 

was intraclass grouping. In an experiment conducted by 

John A. Dewar (10), intraclass grouping for arithmetic in-

struction in the sixth-grade produced promising results. 
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He used eight upper middle class schools in one Kansas county--

four as experimental and four as control schools.• It was found 

that the two groups did not differ significantly at the begin-

ning of the study. The control classes received the usual 

whole group instruction and used the usual sixth-grade text. 

The experimental classes were divided into three groups—high, 

average, and low. Textbook material of varied form and a 

curriculum outline for each of the groups was provided by the 

investigator for the experimental classes. The two groups 

of classes were compared on the Stanford Achievement Arithmetic 

Test at the conclusion of the study. A comparison of means 

showed superiority for the experimental classes beyond the 

.05 level of significance. When the subgroups in the experi-

mental classes were compared with comparable subgroups from 

the control classes, a significant difference was found be-

tween the respective low subgroups and high subgroups. No 

significant difference was found between the average sub-

groups. All significant differences favored the experimental 

classes. 

Several articles were found that had been written by peo-

ple who had tried varying degrees of individualization in the 

teaching of arithmetic and other subjects. Helen Redbird (27) 

described a program in which allowance was made for individual 

differences in speed of learning. She used basicly a textbook 

approach with some programmed enrichment. 'She reported that 

the program was very satisfactory as far as pupil learning 

was concerned, but it took a great deal of time. 
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Franklyn Searight (28) described an individualized pro-

gram similar to that described by Redbird, In his program, as 

in Redbird»s, all pupils did about the same work, but they did 

it at their own pace. Searight avoided the paper-grading pro-

blems described by Redbird by allowing his fifth-grade pupils to 

correct their own work. Pupils were ready to progress from one 

topic to another. He would instruct them individually or in 

small groups as the situation required, **e would then give 

each pupil an assignment list which would lead through problems 

of varying degress of difficulty on that topic. As each pupil 

completed an assignment on his list he would check his own work. 

Although Searight found this technique very effective, he 

pointed out that it would not be appropriate for all teachers# 

In a study to determine the feasibility of building an 

intermediate mathematic curriculum including both the "new 

math" and individualized instruction, Elaine Bartel (3) con-

cluded that such a program was feasible. The feasibility was 

determined by the answers to the following four questions# 

1, Are adequate materials currently available for the 
establishment of a library of textbooks and materials 
which pupils can use in a logical and meaningful way, 
and from which pupils can make selections without un-
due confusion or feelings of frustration? 
2, Do the teachers generally find the program teach-
able, and do they like it? 
3, Do children like this method of studying arithme-
tic? 
I|, Are pupils able to make reasonable progress while 
participating in such a program? (3, p, IJ4J 

Two fourth-grade classes were selected for the experi-

mental study, while one class was used as a control. The 

control and experimental classes were compared by analysis' 
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of covariance to adjust for initial differences in ability and 

achievement. It was found that adequate material was avail-

able and that children could adequately select from this ma-

terial. Moreover, both teachers and pupils participating in 

this program found it quite desirable. Only one significant 

difference was found between the experimental and control sub-

jects. The experimental subjects did signiflcantly better 

(P <.01} than the control subjects in arithmetic concepts. 

Victor L. Pisher (15) conducted an experimental study to 

determine the effect of independent progress in elementary 

arithmetic and immediate reinforcement. Sixth grade subjects 

were randomly assigned to two experimental and one control 

class. The first experimental class was given assignments and 

each pupil was allowed to progress at his own rate. The stu-

dents in this class were also allowed to check each assignment 

as they completed it. The second experimental group progressed 

as a group, but again the pupils were allowed to check their 

own work. The control group progressed as a group, but the 

teachers checked the assignments daily. All three groups pro-

gressed through ninety-two predetermined assignments. All 

groups used the same basic test, the same room, and the same 

teacher taught them all. The same evaluative process was 

used for all groups. No significant differences in achieve-

ment as measured by California Achievement Test, Arithmetic 

Section was found. It was noted, however, the first experimen-

tal group progressed more rapidly and their achievement was as 
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high or higher than the other two groups. It was concluded 

that, on the basis of this investigation, allowing students 

to progress at their own rate and checking their own work was 

an efficient and effective technique. 

Jettye P. Grant (17) conducted an experiment to compare 

the effectiveness of a longitudinal program of individualized 

instruction with another experimental program and with a con-

trol group, on achievement in language arts, arithmetic, 

science, and social studies as measured by standardized test, 

A further comparison was made with the norms for the criteria 

test0 

The instructional program provided for children 
in Experimental Group A had the following important 
characteristics: (1) Pupils managed themselves through 
a system of self-government; (2) they helped to set 
their own goals through the development of individual 
study contracts; (3) they learned how to learn by 
themselves; to identify instructional needs, to work 
out a study plan, to follow through on the study plan, 
and to check results; (I4.) each child operated on a 
flexible daily schedule enabling him to take up the 
day's learning tasks in order of their importance to 
him, and to complete each one before moving to the 
next; (5) pupils progressed individually, without 
being pushed or held back to keep pace with other pu-
pils; (6) involvement of parents and guardians in de-
velopment of the instructional program insured their 
cooperation and assistance in class projects; (7) 
planned sequences of instruction were used as check 
lists of skills and abilities to be developed by each 
child (17, p. 23). 

Experimental group B shared some of the materials used 

by group while the third group* which served as the control* 

was taught by conventional textbook lecture technique as a 

group. Random stratified sampling was the basis for the 

selection of subjects for all three groups. Although a 
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trend toward greater gains for experimental group A was found, 

there was not significant evidence to reject the hull hypo-

thesis that the subjects in the individualized program would 

not differ significantly from the other two groups in achieve-

ment, 

The above studios lacked one of the critical aspects of 

this study. All subjects were taught the same material re-

gardless of their previous level of achievement and ability. 

One other weakness which tended to lead to acceptance of the 

null hypothesis in these studies was the lack of a criterion 

measure designed to. measure the specific objectives of the 

course of study. 

It was concluded by Donald Deep (9) after a study to 

determine the relative effect of an individually prescribed 

arithmetic program on the achievement of high, average and 

low ability children in the intermediate grades of elementary 

school that standard tests designed to measure skills appro-

priate for grade level were not appropriate for measuring the 

effect of individualized instruction since, if the program 

is prescriptive, subjects will be working at above-normal and 

below-normal grade level. In his experiment he used one exper-

imental and two control schools. In order to find out if 

individually prescribed instruction differentially effected 

students of varying ability levels, the subjects in the ex-

perimental claases were taught arithmetic by individual pres-

cription, Classes•in the control schools were taught by 
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conventional textbook methods. When gain scores were ad-

justed for pretest differences by analysis of covariance, no 

significant differences were found among the different ability 

groups in the experimental school® Significant differences 

were found among subjects in the control schools. It was con-

cluded that a program of individually prescribed instruction 

was less discriminatory against slower students than was the 

conventional teaching method. 

In a study similar to the one presently being conducted, 

J, W. Tilton (30) was interested in discovering whether or 

not a small amount of individualization would produce measur-

able gains. In Tilton1a study a pretest was administered to 

one-hundred, thirty-eight fourth grade pupils, Nineteen 

matched paris of pupils with low scores were selected for the 

study. 

For four weeks the subjects in the experimental group re-

ceived twenty minutes of individualized remedial help weekly. 

Remedial effort was based upon a standardized diagnostic test. 

Three weeks elasped between the last twenty minutes of indi-

vidualized instruction and the posttest. The findings indi-

cated that the experimental subjects who were about one year 

behind grade expectance in addition, subtraction, division, 

and multiplication made five months more progress than would 

have been the case without individualized instruction. This 

difference was significant at the ,01 level. It was con-

cluded, therefore, that even as small an amount of individua-

lized instruction as eighty minutes can be very worthwhile. 
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Programmed Materials 

There is no shortage in research on programmed or self-

instructional material. Below are but a few of the two-thou-

sand-plus studies in this area. The studies cited have a 

specific relationship to the study being conducted for various 

reasons. These reasons are discussed below. 

Programmed or self-instructional material is frequently 

presented as a text. James Wesson (31) attempted to determine 

the relative effectiveness of utilizing programmed text. He 

also compared the programmed material utilized in three ways 

with a control group taught with a conventional text. The 

first experimental group was taught by the conventional me-

thod but a programmed text was used as the text for the course. 

In the second experimental group, all pupils begin at the be-

ginning of the programmed text and each worked at his own rate. 

The third experimental treatment was very much like the second, 

The only difference between the two was that pupils were 

allowed to receive advance placement based on a pretest, AL 

fourth group was taught with a conventional textbook. There 

were three classes in each group for total sample of two hun-

dred eighty-eight pupils, A posttest indicated that there was 

no significant difference in achievement gains among the four 

groups. Both teachers and pupils liked the second and third 

programs. The first program found the least favor among the 

four. Due to the great individualized gains of some of the 

pupils in the third experimental group, it was preferred. 
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Wesson's study and the conclusion he reached tended to support 

not only programmed instruction, but also individualization 

of instruction, 

John P. Feldhusen (13) reported on a study that compared 

the effectiveness of programmed learning and carefully planned 

regimen of teacher taught activities. Thirteen seventh grade 

subjects were in the control and experimental groups. Both 

teachers and pupils were reversed to control for systematic 

differences in the absence of randomization. Subjects in the 

control group were taught a carefully planned program which 

corresponded in content with the self-instructional material. 

After seven weeks of instruction, the Arithmetic Subtest of 

the Iowa Every Pupil Test of Basic Skills was administered, 

No significant differences were found in the two groups at any 

time. It was concluded that the live teachers and the pro-

grammed material were equally effective in teaching basic 

skills and concepts. It was also found that under the care-

fully planned regimen provided by a live teacher as well as 

under programmed instruction each group gained approximately 

one full year in arithmetic skills during fourteen weeks of in-

struction, This study would indicate that unusually large 

gains may be obtained when instruction is directed toward spe-

cific goals. 

Prank ¥, Banghart (2) reported on a study designed to 

compare programmed with non-programmed material on fourth 

grade arithmetic problem solving, comprehension, and total 

score. The programmed.text utilized was one designed for 
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fourth-graders. It covered all concepts and skills taught 

at this level. The control subjects used a non-programmed 

text and the supplementary material generally used. The sam-

ple included one hundred ninety-five fourth graders. These 

subjects represented a cross section of fourth grade children 

in the school district in terms of intelligence, achievement, 

and socio-economic status. The experimental group showed 

significantly greater gain in total score (P<.05) and compre-

hension {?< ,01). No significant difference was found in 

problem solving due apparently to the large variability en-

countered. It was concluded that the programmed instruction 

was superior to classroom instruction for comprehension and 

total score and it was at least as good on problem solving. 

Glen E. Pincher {llj.) conducted a study comparing pro-

grammed and conventional methods of teaching addition and 

subtraction of fractions to fifth grade pupils. Ten classes 

were randomly assigned to experimental and control groups. 

A total of three hundred and nine subjects were included. & 

pretest indicated that the three groups were not different 

initially in mental ability or computational skills. Both the 

control and experimental subjects studied the addition and sub-

traction of fractions for four weeks. The control subjects 

were taught with the adopted text and conventional instruction 

with homework. The experimental subjects used only the pro-

grammed material with no homework. It was found that the 

gains of the experimental group were significantly higher 
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(P ,05) than the gains of the control group. After four weeks 

a test was administered to determine retention. The retention 

was determined by subtracting the posttest from the delayed 

test. No significant difference was found. 

Jack Miller (2!{.) conducted a study to compare the effec-

tiveness of two approaches of the teaching of multiplication 

of fractions. Subjects in the experimental program used only 

programmed material for drill. Control subjects received con-

ventional instruction with the adopted text. After nine days 

of instruction, gain scores were compared for the two groups. 

It was found that the experimental subjects did significantly 

better than the control subjects regardless of ability. 

In a study to compare the effectiveness and efficiency of 

a self-instruction program on multiplication of fractions with 

conventional instruction on this topic, Charles Arvin (1) ran-

domly assigned six sixth grade classes to an experimental and 

six to a control group. At the completion of instruction, a 

thirty-four item posttest was administered by the teachers in-

volved, With I.Q,. scores as a covariate, analysis of covar-

iance was used for comparison. No significant difference was 

found; however, the experimental group completed the unit in 

about one-half the time taken by the control subjects. 

In a similar study Calvin Greatsinger (18) compared pro-

grammed and conventional text methods for teaching division 

of fractions. He randomly assigned one sixth grade class in 

each of six schools to the experimental group and one to the 
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control group. The subjects in the experimental group re-

ceived instruction only from programed material. A forty-

item criterion test was administered by the teacher when the 

pupils completed the unit. Analysis of covarance showed no 

significant difference on the criterion measures; however, 

again the experimental subjects completed the problems in 

less than one-half the time taken by the control subjects. 

A study was conducted by Bruce Meadowcroft (22) to de-

termine if there was a.difference between the achievement 

and attitude of pupils taught by textbook-lecture methods and 

those taught by a combination of programmed learning and sup-

plemental teaching. 

For Meadowcroft's study two-hundred ninety-four seventh 

grade subjects were randomly assigned to two groups. Ten 

classes were formed in each group which included two accel-

erated, two above average, four average, and two below aver-

age. The experimental subjects received approximately seven-

ty per cent of their instruction by programmed material and 

thirty per cent of the time was spent in supplementary 

teaching. The control classes were taught by the conventional 

textbook lecture method. The results indicated that neither 

group proved superior in arithmetic computation, reasoning, 

and total scores. Significance was discovered, however, 

among the small subgroups. The control method proved super-

ior to the experimental method for the accelerated classes. 
i 

There was no significant difference with the above average 
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and 3low students, and the average realized greater gain with 

the experimental method. Neither method resulted in a super-

ior attitude on the part of the pupils toward mathematics re-

gardless of involvement with major groups or subgroups. The 

experimental groups did experience significant changes in 

attitude toward both mathematics and programmed material. 

Programmed material covering the same topics included 

in this study were utilized in the studies mentioned above. 

At no time did pupils in the control group receiving conven-

tional instruction show marked superiority over pupils util-

izing programmed instruction. This was especially true of 

slow students even though the programmed materials were not 

necessarily appropriate for their level of achievement and 

ability. 

In a study conducted by Glenda Tanner (29) it was ob-

served that the usual junior high school test battery was in-

appropriate for measuring the effectiveness of remedial pro-

grammed instruction. Tanner's study was designed to inves-

tigate the effectiveness of programmed instruction with 

seventh grade low achievers in arithmetic when compared with 

a remedial class taught by the conventional lecture textbook 

method. The subjects were one hundred seventy-nine pupils 

from Georgia schools that had been classified by their res-

pective school systems as belonging to the lowest of three 

achievement groups on the basis of standardized test.. No 

significant difference as measured by achievement test 
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designed for junior high pupils was found vjhen initial dif-

ferences in achievement, intelligence, social position, and 

sex was controlled. Significant differences were, however, 

found in two of the schools in arithmetic reasoning. The 

differences favored the control group. It was noted that 

instruction in the experimental groups was centered at the 

fifth grade level and that the textbooks used in the control 

classes were for sixth and seventh grade level. Tanner con-

cluded that a test for a lower grade level would have more 

accurately measured the ability of both the control and ex-

perimental subjects, . 1 

Tanner's study pointed out the extreme importance of se-

lecting a criterion measure that accurately evaluates the 

specific objectives of teaching whether it be by programmed 

instruction or any other teaching technique. 

In a follow—up study of the previously cited experiment 

Bruce Meadowcroft (23) tried to determine the effect of pro-

grammed instruction in seventh grade arithmetic on conven-

tionally taught eighth grade arithmetic the following year. 

Of the two hundred ninety-four subjects in the seventh grade 

study, one hundred twenty-seven experimental and one hundred 

twenty-two control subjects remained in the school system the 

following year. In the previous study the experimental sub-

jects had received seventy per cent of their arithmetic in-

struction by way of programmed material and thirty per cent 

by teacher instruction. The control group had received 
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conventional classroom instruction. No significant overall 

difference had been observed at the ond of the seventh grade 

study. Meadoweroft compared the arithmetic achievement scores 

of the two groups at the end of the seventh grade s tudy, No 

significant differences were found between the two groups. 

The scores of the subgroups of the experimental and control 

groups—high, average, low—showed a tendency toward conver-

gence, Those groups which had made greatest gains in the 

seventh grade tended to make less gain in the eighth grade 

and conversely, those groups which had made somewhat less 

gain in the seventh grade tended to make greater gains in the 

eighth grade, Meadowcroft concluded that programmed in-

struction in the seventh grade had no adverse effect on 

achievement in the eighth grade. In fact, those subjects who 

received programmed instruction in the seventh grade faired 

quite well with the control group in the eighth grade. 

Instructional Material Used In This Study 

A variety of different materials and approaches were used 

in this study. Unfortunately, test data on all of these ma-

terials was not available. Below is a summary of the research 

data presently available on each of the instruments used. 

It was pointed out by James M. Peck (2£) of the Gary Job 

Corp Training Center, the author of the Audio-graphic Program, 

that using programmed instruction with poor readers had been 

somewhat less than tremendously successful. This lack of 

success is the result of a number of factors not the least of 
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which is difficulty in understanding the written instructions 

and explanations. In an effort to overcome this problem, he 

developed the Audio-graphic Programmed Material, In a letter 
* »waf»«qa»w«3SStK»«a* r"<WT-"iri T iff—»* *"Vi - -p ati(£=s3RsiM^&ciu^<!v<aEaMe9ara^ 

describing these materials, Peck said, 

Theaa materials consist of an audio portion—a 
voice on tape, and a graphic portion--a printed 
booklet as the name Implies, We find the audio 
portion, through verbal inflection and tone of voice 
can: provide explanationa that are often misread; 
offer encouragementj give directions; allow alterna-
tive responses; discuss answers; make points clear 
that, when read, might leave doubt; and relax the 
student. This last point may at first seem trivial, 
but it is not. The printed word can seem very cold, 
austere, and threatening to a student who lacks con-
fidence due to his difficulty in reading and under-
standing arithmetic-. In the graphic portion wo use 
diagrams, illustrations, arrows, numerals, short 
phrases, and alternative responses (25, p. 1)• 

The data available on the program used, Reducing Fractions, 

indicated that the average time to complete the program was 

ninety minutes. The average pretest scores for the subjects 

at the Job Corp Center was twenty-four per cent. After com-

pleting the program the average posttest score on the same in-

strument was seventy-one per cent. In order to determine the 

retention of the subjects, a third testing was administered 

after sixty-four days. The average score on this retention 

test was seventy-five per cent. Unfortunately, no test of 

significance was used, however, it would appear based upon 

the large mean difference found between the protest and post-

teat that this difference would be significant. 

To test the effectiveness of the independent use of the 

set of programmed texts, Lesson for Self-Instruction*to over-
t iigai 4A«SSS3HF9aS0 HffTinPH !'iff i f !#>'fll'HW, trnnriî l>irriK"TTi7i WnT ' > iTiT 11Q IIIWIH tiU'n litlmwr 

come basic weaknesses in language and arithmetic, 
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Darold Bobier ($) conducted an experimental study. Students 

displaying weaknesses on a proficiency test used as a pretest 

were randomly assigned to control and experimental treatment. 

Pour experimental conditions were designed with varying de-

grees of student responsibility for using the text. In 

addition, tiro control situation were set up—one with reme-

dial classes in language and arithmetic skills and one with 

no special instructions. The program lasted nine weeks, A 

posttest administered at the completion of the program showed 

significant gains (P ̂ , 01) for all treatment conditions in 

both language and arithmetic. When the difference among all 

groups in arithmetic gain were tested, no significant differ-

ence was found. Based on observations made, Bobier reached 

four conclusions: (1) Low achieving pupils lack the necessary 

motivation for independent use of the programmed text. (2) 

Low achieving pupils need guidelines to pace them through the 

programmed materials, (3) Lessons for Self-Instruction hold 

promise for the remediation of pupils with experience of re-

peated failure. (I4.) Sex differences do not effect the suc-

cessful use of Lessons for Self-Instruction, 

In the Teacher's Manual for Decimals and Percentage I 

and II, William Hauck (21) gave the following description of 

test results. 

When tested on junior high school students of -
average ability, the final edition of the program 
consistently yielded mean error rates of less than 
12 per cent and mean achievement scores between 75> 
and 81}. per cent. In all cases, the program was 
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used without teacher participation; i.e., the 
subject ifas taught only by the program. Natur-
ally, higher scores can bo expected with 
teacher participation. Test on ten students 
under laboratory conditions yielded a mean 
score of 89 per cent (21, p. 1)# 

Again no test of significance was employed. 

The test results of Honor Roll Programs prepared by Bolt, 

Beranek, and Newman Incorporated (7) contained the results 

of a study on programs # and £06—Fractions I and II» 

The subjects in this study \mr& seventy-eight seventh graders 

from a middle-and lower-middle-class nonurban community who 

were homogeneously grouped in mathematics. Groups B, C and 

D were bright, and high achieving pupils. Group E was made 

up of low achieving pupils with reading difficulties. Group 

C and D, who had learned fractions previously to exposure to 

the program received both programmed rolls. Group E learned 

fractions with both programmed rolls, with no previous expo-

sure. Group B received the second programmed roll only, plus 

regular classroom instruction in fractions. Before the in-

struction began, the entire group was pretested on a mathe-

matics achievement test. At the completion of the study, all 

subjects were given a posttest. The results showed that the 

mean gain of all subjects was significant beyond the .01 level. 

It is more important to this study, however, that the mean 

gain achieved by group E—the low achievers—was significant 

beyond the .002 level. With regards to this group the fol-

lowing conclusion was reached. 
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Largest gaina were mada by Group E which was 
entirely machine-taught, retarded in reading, and 
of generally lower I.Q. than groups B, C and D, 
Since Group E had minimal previous exposure to 
formal instruction in fractions, this group gives 
us a good indication of the effect of programmed 
instruction with rolls 0$ and #506 (Fractions I 
and Fractions II) (7# P® 10). 

In the forward of the AS MP texts, John Hancock (19) ex-

plained that these programs were designed for upper grade 

pupils who still have not mastered the four fundamental arith-

metic operations with whole numbers. Hancock made the fol-

lowing statement about tests of these texts: 

(These programs have)....been tested on such 
pupils who have encountered difficulty through the 
traditional teaching process, and the results of 
the testing indicates substantial improvement for 
many of these pupils; however, in no sense is the 
program a panacea. The terminal behavior of some 
pupils at the ond of the program will indicate 
that additional assistance is still required; 

The material presented here, particularly 
when used in conjunction with a teacher conscious 
of the problem of pupil motivation, will produce 
for many pupils the satisfactory performance in 
addition (subtraction, multiplication, and division) 
which has escaped them throughout their school ca-
reers (19, p. ii). 

Unfortunately no tests of significance nor even statis-

tical data about Hancock1s text was available. 

No test data or discussion of test results was found on 

Decimals and Per Cents or Programmed Math: Fractions. In a 

letter from the Webster Division of McGraw-Hill Incorporated, 

it was pointed out, however, that the Programmed Math series 

was being used by over 20,000 people in job corps training 

centers and other programs of this nature for the culturally 

deprived. At the time of writing no test results were avail-

able. 
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The selection of materials was based primarily on the 

objectives and the level of mathematics presented. The read-

ability and simplicity of the materials wore also primary 

factors in this selection. 

Prom a review of related research the following general 

conclusions can be drawn: (1) Individualized instruction 

produces achievement gains at least as great as conventional 

classroom instruction, (2) Great care must be taken in the 

selection of a criterion instrument since the material cov-

ered is not necessarily within the range of a standardized 

achievement test designed for grade level. (3) To be indi-

vidualized, instruction must take into consideration the 

initial level of achievement of each pupil. 

Certain conclusions may be reached about self"instruc-

tional or programmed materials. (1) Pupils achieve as well 

with a well written program as with classroom instruction. 

(2) Pupils can cover the same material in somewhat less time 

with programmed material, (3) Pupil retention after using 

programmed material is as good as after conventional class-

room instruction, (ij.) Programmed instruction has no adverse 

effect on the future performance of pupils. 



CHAPTER BIBLIOGRAPHY 

1* Arvin, Charles Leo, "An Experimental Study of Programmed 
Instruction in Multiplication of Fractions," (Research 
Study No. 1), unpublished doctoral dissertation, 
Colorado State College, Greeley, Colorado, 1965. 

2. Banghart, Prank W. and others, "An Experimental Study of 
Programed Vers is Traditional Elementary School 
Mathematics," The Arithmetic Teacher, 10 (April, 1963), 
199-20l|. " * — — 

3. Bartel, Elaine Vetter, "A Study of the Feasibility of an 
Individualized Instructional Program in Elementary 
School Mathematics," unpublished doctoral dissertation, 
The University of Wisconsin, Madison, Wisconsin, 1966. 

i|. Barthelmess, H. M, and P. A. Boyer, "An Evaluation of 
Ability Grouping," Journal of Educational Research, 
26 (1932), 513-520. 

5. Bobier, Darold Thomas, "The Effectiveness of the Inde-
pendent Use of Programed Textbooks in Aiding Students 
to Overcome Skill Weaknesses in English Mechanics and 
Arithmetic," unpublished doctoral dissertation, 
University of Denver, Denver, Colorado, 1961}.. 

6. Borg, Walter R., Ability Grouping in the Public Schools: 
A Field Study. 
Hadison, Wisconsin, 1966. 

7. Cohen, S. Alan, Test Results of Honor Roll Programs, 
# 505 and # 506. Honor ?roduct sTToEpany"by Bo'lt, Beranek 
an3 Newman, Incorporated, Cambridge, Massachusettes, 
1963. 

8. Cook, R. R., "A Study of the Results of Homogeneous 
Grouping of Ability in High School Classes," Yearbook. 
Rational Society for the Study of Education. To 17237" \ 
i92fr ' 

9. Deep, Donald", "The Effect of an Individually Prescribed 
Instruction Program in Arithmetic on Pupils at Different 
Ability Levels," unpublished doctoral dissertation, 
University of Pittsburg, Pittsburg, Pennsylvania, 1966. 

38 



39 

10, Dewar, John Alexander, "An Experiment in Intra-Class 
Grouping for Arithmetic Instruction in the Sixth-
Grade," unpublished doctoral dissertation, University 
of Kansas, Lawrence, Kansas, 1961. 

11, Drews, E, M,, "The Effectiveness of Homogeneous and 
Heterogeneous Ability Grouping in Ninth-Grade English 
Classes with Slow, Average, and Superior Students," 
unpublished doctoral dissertation, Michigan State 
University, East Lansing, Michigan, 1962, 

12, Edmiston, R. W., and J, C, Benfer, "Relationship Between 
Group Achievement and Range of Abilities Within 
Groups," Journal of Educational Research, 1*2 (191*9), 
5^-6-5^8, 

13, Peldhusen, John F, and othsrs, "The Teacher vs. Programmed 
Learning," Wisconsin Journal of Education, 95/ (November, 
1962), 8 - 1 0 7 ~ ~ " * * * — ' " —• ~ 

11*, Pincher, Glen Eugene, "The Construction and Experimental 
Application of a Programmed Course on the Addition and 
Subtraction of Fractions for Grade Five," unpublished 
doctoral dissertaion, Ohio University, Miami, Ohio, 
1963. 

15. Fisher, Victor Lee, Jr., "The Relative Merits of Selected 
Aspects of Individualized Instruction in an Elementary 
Mathematics Program," unpublished doctoral dissertation, 
Indiana University, Bloomington, Indiana, 1966, 

16. Goldberg, Mirian L. and others, "Social Consequences of 
Special Education for the Talented," The Education 
Digest, 21* (1958), 11-11*. — 

17• Grant, Jettye Fern, "A Longitudinal Program of Indivi-
dualized Instruction in Grades 1*, 5 and 6," unpublished 
doctoral dissertation, University of California, 
Berkeley, California, 196Ij.. 

18. Greatsinger, Calv in, "An Experimental Study of Programmed 
Instruction in Division of Fractions," unpublished 
research study, Colorado State College, Greeley, Colo-
rado, 1966. 

19. Hancock, John D, and others, A S M D, Menlo Park, Califor-
nia, Addison-Wesley Publishing Company, Inc., 1963. 

2°, Hart ill, R. W,, Homogenews Growing, New York Bureau of 
Publications p i6ache rs 0 olTogo 3 Oolurubia Univors i ty * 
Now York, 1936„ 9 



!|0 

21, Hauck, William, Teacher* a Manual to Accompany Decimals 
and Percentage X: "'ISe'cimali'. '^1o&aXs*-anS"?ercerfbag© II: 
Perc entaieTo^.""!' ouTsT^fss ouriT^^raw^iTf'^ooK^^ ~ 
Company, 1966. 

22, Meadoweroft, Bruce Alien, "An Experiment with Programmed 
Material in Seventh-Grade Arithmetic," unpublished 
doctoral dissertation, University of Pittsburg, 
Pittsburg, Pennsylvania, 1961}., 

23, Meadowcroft, Bruco A., "The Effects on Conventionally 
Taught Eighth-Grade ̂ ath Following Seventh-Grade 
Programed Math," The Arithmetic Teacher, 12 (December, 
1965), 6li|.»6l£, 

2I4., Miller, Jack Willis, "An Experimental Comparison of Two 
Approaches to Teaching Multiplications of Fractions," 
unpublished doctoral dissertation, George Peabody 
College for Teachers, Nashville, Tennessee, 1961, 

25, Peck, James H,, unpublished letter, Arithmetic Laboratory, 
Gary Job Corps Center, San Marcos, Texas, 1969, 

26, Rankin, P. and others, "Ability Grouping in the Detroit 
Individualization Experiment," Yearbook, National 
Society for the Study of Education, Part 1, Vol"," 35* 
1*93 6. " ~ " 

27, Redbird, Helen, "Individualizing Arithmetic Instruction," 
The Arithmetic Teacher, 11 (May, 1961}.), 3fy8-3̂ 9« 

28, Searight, Franklyn, "You Can Individualize Arithmetic 
Instruction," The Arithmetic Teacher, 11 (March, 1969). 
119-200. ~ _ _ _ 

29, Tanner, Glenda Lou, "A Comparative Study of the Efficiency 
of Programmed Instruction with Seventh-Grade Low 
Achievers in Arithmetic," unpublished doctoral disser-
tation, University of Georgia, Athens, Georgia, 1965, 

30, Tilton, J, W,, "Individualised and Meaningful Instruction 
in Arithmetic," The Journal of Educational Psychology. 
38 (February, 19577,"B3=BS: 1 ~U-' 

31, Wesson, James Burton, "An Experimental Evaluation of 
Selected Techniques for Employing Programmed Textbook 
Materials in Elementary School Arithmetic," unpublished 
doctoral dissertation, University of Virginia, 
Charlottesville, Virginia, 1963, 



CHAPTER III 

METHOD 

Because of the unique instructional techniques employed 

in this experiment, a detailed description of the instruc-

tional progression is presented in this chapter as well as 

the experimental procedure. The last section will deal with 

the treatment of the data procured. 

Procedure 

The results of the arithmetic tests of the Science 

Research Associates (13 R A) Achievement Battery (9) for 

all pupils in the Denton Junior High School seventh grade 

were examined. These tests had "been administered in Octo-

ber, prior to the start of this experiment. Only those 

pupils scoring at least one full year below grade level on 

all three tests of the S R A Arithmetic Section--Reasoning, 

Concepts, and Computation—were involved in the study. These 

pupils will be referred to as 1underachievers *, 

One hundred twenty-three of the one hundred twenty-five 

" underachiovers" were administered the Arithmetic Skills Area 

of the Comprehensive Test of Basic Skills (2), level two, 

form Q, All pupils scoring above forty on the computation 

test were eliminated from the study to reduce the ceiling 

effect on the posttest since the highest possible score was 

forty-eight. 
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The twenty-five best matched pair.s on the three 

Arithmetic Skills Area Testa-•"Computation, Concepts and Appli-

cations—were selected for the study. The greatest variation 

allowed for any pair was two points on any one area and three 

points on total score. 

Two matched groups were formed by assigning one subject 

from each pair to each group by a coin toss. The experimental 

and control groups were then decided by a coin toss. 

The control subjects returned to their usual classes 

until the po3ttest with no special attention from the experi-

mentor. The experimental subjects reported to a room provided 

for the experiment instead of their usual arithmetic class 

five days a week for seven weeks where they received the ex-

perimental program described below. 

At the end of the seven week period, the experimental 

subjects received, with their match, the Arithmetic Skills 

Area of the Comprehensive Test of Basic Skills (3), level 

two, form R, as a posttest. 

Description of Experimental Program 

L S I Locators in Arithmetic Fundamentals (7) 

served as a continuing guide for selecting sequential acti-

vity areas for the subjects in the experimental program. 

In the cases of fractions, decimals, and per cent, it 

was often necessary to familiarize the subjects with some of 

the fundamental concepts behind the kinds of numbers being 



hi 

used. In order to perform operations with these numbers, 

some idea of theoretical construct of the numbers was neces-

sary. This was deemed necessary if the subject displayed 

a marked weakness in manipulating these numbers in all 

operations. 

The first approach used with all subjects classified as 

readers (reading on at least sixth grade level) was Lessons 

for Self^Instruction (1). For those subjects classified as 

non-readers (reading below sixth grade level), the materials 

listed after each level were utilized with auditory reading 

assistance. For readers who still displayed weakness after 

working with L S I material, the materials listed after each 

level were employed without reading assistance. 

Below is a level-by-level, operation-by-operation des-

cription of problems attacked by this program. The order in 

which they are presented here is generally the order in which 

they are treated. Minor variations appeared with the various 

materials employed. The levels referred to are as they 

appeared on the L S I Locators. The levels are as follows. 

Level AB includes the following: 

(1) Addition facts and addition of one and two digit 

numbers, 

(2) Subtraction of one and two digit numbers, 

(3) Multiplication facts and multiplication of a two 

digit number by a one digit number. 

(Ij.) Addition of two and small throe digit numbers. 
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{$) Subtraction of a two digit number from a small 

three digit number. 

(6) Multiplication of a small two or three digit number 

by a two digit number, 

(7) Division of a two or three digit number by a one 

digit number with no remainder, 

(8) Addition of like fractions, 

(9) Subtracting like fractions, 

(10) Division of three and four digit numbers by one 

digit numbers with remainders. 

For those students still showing weakness after working 

with L S I booklets as well as non-readers with weaknesses 
mum mm 

in one through seven and ten (above), the appropriate section 

of an A S M D (5) text was assigned. For weaknesses in. 

eight and nine, the appropriate sections of Fractions (11) 

o r Honor Fractions I (Ij.) were assigned. 

Level C includes the following: 

(1) Addition of three and if our digit whole numbers with 

extensive regrouping and some zeros in the addends, 

(2) Subtraction of four digit numbers with and without 

regrouping, 

(3) Multiplication of two and tiiree digit numbers with 

zeros in the multiplicand or multiplier, 

(b) Division by two digit divisor without zeros in the 

quotient, 

(5) Addition of dollars and cents. 
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(6) Multiplication with extensive use of zeros in the 

multiplier and multiplicand. 

(7) Addition of mixed numbers with like denominators, 

(8) Subtraction of mixed numbers with like denominators, 

(9) Division by one digit number with remainder expressed 

as a fraction, 

(10) Addition of fractions and mixed numbers with unlike 

denominators, 

(11) Subtraction of fractions and mixed numbers with un-

like denominators, 

(12) Multiplication of dollars and cents by whole numbers, 

(13) Division of dollars and cents by whole numbers, 

(lt|) Addition of like decimals, 

(15) Subtraction of like decimals. 

For students with continued difficulty with one through 

four, six, and nine (above) and for non-readers displaying 

difficulty in these areas, the appropriate section of an 

A S M D book was assigned. For those displaying difficulty 

with five, and twelve through fifteen, assignments were 

selected from Decimals and Percentage I (6) or, for twelve 

and thirteen, from Decimals and Per Cents (16). For those 

students displaying difficulty with seven, eight, ten and 

eleven, sections from Fractions or Honor Fractions II (Ij.) 

were assigned. 
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Level D includes the following: 

(1) Addition of three or more whole numbers. 

(2) Subtraction of large whole numbers with extensive 

regrouping and zeros in the minuend. 

(3) Multiplication of three digit numbers with zeros as 

the middle digit and use of large numbers, 

(Ij.) Division by two and three digit divisors. 

(5) Addition of mixed numbers with unlike denominators 

and extensive regrouping. 

(6) Subtraction of fractions with unlike denominators 

requiring regrouping. 

(7) Multiplication of common fractions and mixed 

numbers. 

(8) Division of common fractions and mixed numbers, 

(9) Addition of large like decimals and mixed like 

decimals, 

(10) Subtraction of large like decimals and mixed "like 

decimals. 

(11) Multiplication of decimals, 

(12) Division of decimals. 

(13) Decimal and fractional equivalent of per cents. 

(llj.) Simple percentage problems. 

For those students having difficulty with one through 

four, assignments were taken from A S M D. Assignments were 

selected from Fractions for those having difficulty with 

five through eight. Those having difficulty with nine and 
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ten received assignments from DeQi.aia.la and Percentage 

Assignments from either Decimals and Percentage _I or Decimala 

and Per Cents were assigned to those having difficulty with 

eleven and twelve. Difficulties with thirteen and fourteen 

were met with either Decimala and Per Cent or Decimals and 

Percentage II (6), 

Level EP includes the following: 

(1) Addition of dollars, cents, and dollars and cents 

with three addends. 

(2) Subtraction of large numbers with extensive complex 

regrouping. 

(3) Multiplication' of large numbers. 

(ij.) %vision of large numbers. 

(5) Addition of fractions and mixed numbers with three 

addends. 

(6) Subtraction of unlike mixed numbers. 

(7) Multiplication of fractions and mixed numbers with 

more than one factor. 

(8) Division by mixed numbers and fractions. 

(9) Addition of unlike decimal fractions and addition 

of decimal fractions and common fractions. 

(10) Subtraction of unlike decimals and subtraction of 

decimals and common fractions. 

(11) Multiplication of decimals. 

(12) Division of decimals. 

(13) Solution of percentage problems. 
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POP students having difficulty with, on© and nine through 

twelve, assignments were made from Decimals and Percentage JC, 

If difficulties arose with two through four, assignments were 

made from the A S O series. Assignments were made from 

Fractions for difficulties with five through eight. Finally, 

those having difficulties with thirteen, received assignments 

from Decimals and Per Cent or Decimals and Percentage. 

Treatment of Data 

The analysis of data involved several steps. The first 

step required subtracting the pretest scores for each subject 

from his posttest scores. This produced three gain scores, 

one for computation skills, one for concept skills, and one 

for application skills. 

The linear effect of age, sex, two scales of the S R A 

Primary Mental Abilities Tests (10), three scales of the 

S R A Achievement Tests (9), and the three scores on the 

pretest were removed by computing regression equations using 

these variables as independent variables and the gain scores 

in each area as dependent variable. Residual gains for each 

subject in each area were then computed. 

The control end experimental groups were then compared 

on residual gains on all three variables simultaneously by 

use of Iioetellings T-aquare. Mean differences were then com-

pared by simultaneous confidence intervals to determine the 

significance of difference on each variable. The .05 level of 

significance was required to reject the null hypothesis. 



To determine the significance of gain for each group, 

a Fisher's t test with repeated measures was computed for 

each group on the three areas of the pretest and posttest. 

The ,01 level of significance was required to reject the 

null hypothesis to off-set the repeated use of t„ 

1*9 
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CHAPTER IV 

RESULTS 

The purpose of this study was to determine the effect 

of a highly individualized prescriptive program designed 

to improve computation skills on seventh grade pupils who 

were achieving at least one year below grade level in arith-

metic computation, concepts and reasoning as measured by the 

SRA Achievement Tests (2), The subjects who were in this ex-

perimental program were also compared with a matched control 

group who continued in the regular arithmetic program of the 

school in which the experiment was conducted. 

This chapter presents the results of each statistical 

technique employed as it relates to the hypotheses. All 

computation was done by the North Texas State University 

Computer Center, 

Subject Losses 

Two pairs were eliminated from the study because ade-

quate test results were not available on one of the sub-

jects in each pair. The subjects lost did not deviate appre-

ciably from the remainder of the subjects on the test scores 

available. 

It was assumed that the inclusion of these subjects 

would not affect the results of the study appreciably. 
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Resldualiaed Gains 

The linear effect of sex, age, the two scales of the 

SRA Primary Mental Abilities "Pest (3)—number facilities and 

composite score, the three scales of the SRA Achievement Teats 

(2) in arithmetic—concepts, reasoning, and computation, and 

the three areas of the pre-test, Arithmetic Skills Area of the 

Comprehensive Test of Basic Skills (1)--computation, concepts, 

and applications—were removed from the gain scores in each of 

the three areas--computation, concepts, and applications. 

Equation A, below, is the regression equation derived 

for computing the residualized gain score in arithmetic com-

putation. 

EQUATION A 

REGRESSION EQUATION FOR COMPUTING RESIDUAL 
GAINS IN COMPUTATION 

*1 (1.29 ) Sex 

+ x 2 ( .030) Ago 

+ ( .01?) Number Facility 

+ 

+ ' \ 
x 5 

( .175) 

( .526) 

Composite I , Q, 
Score 
SRA Reasoning 

+ x 6 ( .8510 SRA Concepts 

+ 

•*7 
( .005) SRA Computation 

+ x 8 ( ~ . 2 W Pre-Computation 

+ x 9 (- .119) Pre-Concepts 

+ 
*10 ( .3^5) Pre-Applications 

+ 

R 
(-31.1(4-8) 

.66 
Constant 
Correlation 
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The values of x2, H y — x 1 0 are the differences 

between the scores or values of each subject on each inde-

pendent variable (sex, age, number facility, etc,) and the 

mean of all subjects on that variable, 

Residualization eliminated approximately I4.3 per cent 

of the variability which would otherwise have been contained 

in the error term. Decreasing the error term by reducing 

the variability attributable to known independent variables 

makes any test for significance more sensitive to any sys-

tematic differences in the dependent variable that are re-

lated to the primary independent variable. In this case re-

moving the effect of the independent variables which were 

unrelated to the treatment variable' reduced the total var-

iance without systematically effecting the variability 

attributable to the treatment. 

The effects of residualization on means and standard 

deviations are presented in Table I, 

Table I 

THE EFFECT OF RESIDUALIZATION 
ON COMPUTATION GAINS 

Experimental Control Mean . 
Difference 

Mean SD Mean SD 

Mean . 
Difference 

(Jains Scores I4..6I iw95 -2.87 5-33 7.^8 

Residualized 
Gains Scores 2.50 -2,97 3.ea 5 A 7 



The mean gain of the experimental group was reduced 

by residualization. This reduced the mean difference be-

tween the experimental and control group even though re-

sidualization decreased the mean gain of the control group 

slightly. It was expected that residualization would de-

crease the difference between the two means, but, more im-

portantly, it decreased the variance and, therefore, the 

standard deviation of each group. 

The regression equation below, Equation B, is the re-

gression equation derived for computing the residualized 

gain scores in arithmetic concepts. 

EQUATION B 

REGRESSION EQUATION FOR COMPUTING RESIDUAL 
GAINS IN CONCEPTS 

*1 
( . 8 9 2 6 2 ) Sex 

+ X ( . 0 3 9 0 9 ) Age 

+ X3 
( . 0 5 0 6 2 ) Number Facility 

+ \ 

+ 

( . 0 8 5 0 8 ) 

( - . 1 1 8 8 2 ) 

Composite I.Q. 
Score 
SRA Reasoning 

+ x6 
( - . 0 5 5 7 2 ) SRA Concepts 

+ X7 
( . 1 3 1 7 3 ) SRA Computation 

+ *8 
( . 0 7 8 0 3 ) Pre-Computation 

+ X9 
( - . 2 5 9 1 1 - 5 ) Pre-Concepts 

+ X10 
( - . 3 0 l | . 3 5 ) Pre-Applieations 

+ ( 1 2 . 3 0 L j . 7 i } . ) Constant 
/ 

R » . 5 2 
1 

Correlation 1 
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Again the values of x^, -~^g a r e 'the differences 

in the scores or values of each subject on each independent 

variable (sex, age, number facility, etc.) and the mean of all 

subjects on that variable. 

In this case the variability removed was considerably 

less than in the first case. The variance removed was only 

about twenty-seven per cent of the total variance. The rela-

tionship between the independent variable on which the re-

gression equation was based and the dependent or criterion 

variable was somewhat less. However, the correlation 

(R = .52) was significant beyond the .05 level of significance. 

The effects of residualization on means and standard de-

viations are presented in Table II, 

Table II 

THE EFFECT OF RESIDUALIZATION 
ON CONCEPT GAINS 

Experimental Control Mean 
Difference 

Mean SD Mean SD 

Gains Scores 1.13 2.93. -.35 U-.23 l.ij.8 

Residualized 
Gains Scores 

! 
CO 

' 
* 

i ! 

2.67 -.83 3 J+9 I.67 

Residualization increased the difference between the 

mean gain scores of the control and experimental groups as well 
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as decreasing the standard deviation of each. However, 

since the correlation was somewhat lower, the decrease in 

standard deviations were considerably less than was the 

case with those of the computation gains. 

Equation C, below, was used in computing the resi-

dualized gain scores in arithmetic applications. 

EQUATION C 

REGRESSION EQUATION FOR COMPUTING 
RESIDUAL GAINS IN APPLICATIONS 

*1 
(2.37325) Sex 

-f- X2 
( .05695) Age 

* X3 
( .05LJ.05) Number Facility 

* x!l ( o09070) Composite I.Q. 
4 Score 

* x5 
( .26511-2) SRA Reasoning 

+ X6 ( .2653U) SRA Concepts 

+. 
X7 

( .01^57) SRA Computation 

+ x8 
( .19665) Pre-Computation 

X9 
(-.03^) Pre-Concepts 

-f x10 
(-.97708) Pre-Applications 

(-26.11228) Constant 

R = .71 

—x_ 

Correlation 

are the deviations of Once more, the x^, x^, 

each subject on each of the indepedent variables (sex, age, 

number facility, etc.) from the mean of all subjects on each 

.of these variables. 
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The degree of relationship between the set of indepen-

dent variables and the criterion variable was unusually high 

(R = ,71)„ Approximately 50 per cent of all of the variabi-

lity observed is attributable to these variables. 

Table III below gives the effect of residualization on 

the means and standard deviations of the experimental and 

control groups, 

TABLE III 

THE EFFECT OP RESIDUALIZATION 
ON APPLICATION GAINS 

Experimental Control Mean 
Difference 

Mean SD Mean SD 

Mean 
Difference 

Gains Scores -.61 3.71* -l.Olj. 3.78 • t o 

Residualized 
Gains Scores 

.07 1.91* 

CO 
1 

0
 

1 
* 

I 
1 

1 

1,88 •IS 

The standard deviations are greatly reduced, but the 

mean difference is also. Apparently neither the instruction 

in the experimental program nor the regular classroom instruction 

had much effect on the application skills of the subjects. 

Simultaneous Comparison Between Groups 

The residualized gains of the experimental and control 

groups were compared on all three variables—computation, con-

cepts, and applications—simultaneously by use of Hotelling1s 

T-square. Table IV presents the results of the computation. 



TABLE IV 

SIMULTANEOUS COMPARISON OF EXPERIMENTAL AND 
CONTROL RESIDUALIZED GAINS ON THREE VARI-

ABLES BY HOTELLING'S T-SQUARE 

Vari-
able 

Experi-
mental 

Control Mean 
Diff 

TSQ.R ndf^ ndf2 p p Vari-
able 

Mean SD Mean SD 

Mean 
Diff 

TSQ.R ndf^ ndf2 p p 

Uorixpr* 3.70 -2.97 3»% THTfl ,3 ij.2 H.ll ̂  [p̂ .OOl 
(3onc. 2.67 - .B3, 349 17§7 
Appl. 7.07 1.91}. r r o r 1.88 .if f 

The high level of significance (P<«001) suggests a 

strong tendency toward a. systematic difference between the 

control and experimental groups. An examination of the means 

shows no interaction} the means of the experimental group 

are consistantly higher than those of the control group* This 

would indicate a significant superiority for the experimental 

group. 

Hypothesis I 

The first research hypothesis stated that the mean gain 

in arithmetic computation of the subjects in the experimental 

group would exceed that of the subjects in the control group. 

The null hypothesis, which stated that there was no signifi-

cant difference between the experimental and control groups 

In computation gains, was tested. 

Since the Hotelling's T-square showed a difference be-

tween the experimental and control groups beyond the required 
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level of significance (P ,05), the difference between the ex-

perimental and control groups on computation gains was com-

pared by simultaneous confidence intervals. This was done to 

isolate the source of the difference detected by the 

Hotelling's Ta-square. Table V presents the results of this 

comparison# 

TABLE V 

COMPARISON 0? RESIDUALIZED 
GAINS IN COMPUTATION 

Mean SD-::- Difference Required Dif. P 
Experimental " ~ ? 3 o 1.35*- CT7 57U&-™ P ,oST" 

Control -2.97 2*81# 

-̂ -Standard deviation computed from variance in Hotelling's 
T-square for use in simultaneous confidence intervals. 

-̂ -Required for .001 level of confidence. 

The highly significant difference (P .001} was more than 

adequate for rejecting the null hypothesis. The direction of 

the difference--favoring the experimental group--lended strong 

support to hypothesis one. 

Hypothesis II 

The second research hypothesis was stated in the null. 

It stated that there would be no significant difference be-r 

tween the experimental and control groups in arithmetic con-

cepts. 

Since the simultaneous test for significance betweê i 

the experimental and control groups on the three variables — 
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computation, concepts, and applications—detected a highly 

significant (P<,001) difference which was beyond the level 

(P<.0£) required for rejecting the null hypothesis, simul-

taneous confidence intervals were used to test the differ-

ence between the two groups in concept gains. Table VI 

presents the results of the comparison of these groups. 

TABLE VI 

COMPARISON OP RESIDUALIZED 
GAINS IN CONCEPTS 

Mean SD-5:- Difference Required DiffJ P 
Experimental 78IT 1.52* 1.67 2.7 8** IN.S.*** 
Control rx7i* 1.67 2.7 8** IN.S.*** 

-̂ -Standard deviation computed from variance in Hotelling's 
T-square for use in simultaneous conficence intervals . 

-̂ -"-Difference required for .05 level of significance# 

-:hh:-Not significant• 

Since the difference did not reach the required level of 

significance (P<.05), Hypothesis 2 cannot be rejected. 

Although the difference between the experimental and 

control groups did not reach the required level of signifi-

cance> the direction of the difference favored the experimen-

tal group. This fact will be discussed in Chapter V. 

Hypothesis III 

The third research hypothesis, like the second, was 

stated in the null. It predicted no significant difference 

between the application-gain scores of the experimental 

group and those of the control group. ! 
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Since the simultaneous comparison of the control and 

experimental groups on the three gain scores—computation, 

concepts, and application—indicated a significant differ-

ence, the gain scores on arithmetic applications were com-

pared by simultaneous confidence intervals. Table VII 

presents the results of this comparison, 

TABLE VII 

COMPARISON OP RESIDUALIZED 
GAINS IN APPLICATION 

Mean SD* Difference Required Diff, P 
Experimental ,0? .15 2,27** N,S# Control ~08 ^,72ir .15 2,27** N,S# « A r t 

^-Standard deviation computed from variance in Hotelling's 
T-square for use in simultaneous confidence intervals. 

-"-"-Required for ,05 level of significance, 

-::--iB:-Not significant. 

Once again the mean difference did not reach the re-

quired level of significance to reject the null hypothesis. 

Therefore, Hypothesis III must be retained. For future re-

ference it should be noted, however, that the difference 

between means, although slight, favored the experimental 

group. 

Hypothesis IV 

The fourth research hypothesis predicted that the post-

test scores of the experimental group would exceed the pre-

test scores on arithmetic computation, T^e null hypothesis 

that there was no difference between the two 3ets of scores 
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was tested by the Wisher's t technique with repeated mea-

sures. Table VIII presents the results of this test. 

TABLE VIII 

PRETEST-POSTTEST COMPARISON FOR 
THE EXPERIMENTAL GROUP 

ON COMPUTATION 

Pretest Posttest Diff. S.D. 
Diff. 

t ndf p 
Mean SD Mean SD 

Diff. S.D. 
Diff. 

t ndf p 

3 0 0 ] 6.B^ E32ai I7T£9 3 m L Z H S J ; *22 

H
I 

O
 

O
 

As is indicated by Table VIII, the pretest and posttest 

were significantly different well beyond the .01 level re-

quired for rejecting the null hypothesis. An examination 

of the pretest and posttest means reveals that the direction 

of the difference favors the posttests. Therefore, Hypothe-

sis IV is supported. The experimental subjects did appar-

ently make a significant gain in arithmetic computation# 

Hypothesis V 

The fifth research hypothesis predicted no significant 

difference between the pretests and the posttests of the 

control group on arithmetic computation. Since the research 

hypothesis was stated in the null it was tested directly by 

the Fisher's t with repeated measures. Table IX presents 

the results of this test for significance. 
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TABLE IX 

PRETEST-POSTTEST COMPARISON FOR 
THE CONTROL GROUP ON 

COMPUTATION 

Pretest Posttest Diff. S.D. 
Diff . 

t ndf P 
Mean . SD Tlean I SjD 

Diff. S.D. 
Diff . 

t ndf P 

w*w 7.07 3 0 T 1 9,07 — T 7 9 F ~ 1 T 7 2 B 2,63 22 P< a02-«-

-::-Not significant since the ,01 level was required for 
rejection of the null hypothesis. 

Although the difference approached significance(P<„02), 

the required level of significance (P<#01) was not attained. 

Therefore, the null hypothesis cannot be rejected. However, 

since the level of significance was so high, an examination, 

of the means to determine the direction of the difference 

was deemed necessary. That examination revealed that the 

direction of the difference favored the pretest. That 

would indicate a near significant regression in arithmetic 

computation for the control group. Technically, however, 

Hypothesis V must be retained. 

Hypothesis VI 

The sixth research hypothesis predicted no significant 

difference would be found between the pretest and posttest 

scores of the experimental group on arithmetic concepts. 

Since it was stated in the null, this hypothesis was tested 

directly. The Fisher's t technique for repeated measures 

was used to test this hypothesis. Table X, following, pre-

sents the results of that test. 
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TABLE X 

PRETEST-POSTTEST COMPARISON FOR 
THE EXPERIMENTAL GROUP 

ON CONCEPTS 

Pretest Posttest Diff, S.D, 
Diff, 

t ndf p 
Mean SD Mean , SD 

Diff, S.D, 
Diff, 

t ndf p 

TC39 1932™ $.10 1 3®10 11.711 HTsri NS* 

•K-Not significant. 

Again the level of significance (Pc.Ol) required for 

rejection of the null hypothesis was not attained. There-

fore, Hypothesis VI, a null hypothesis, must be retained® 

However, the difference, which did approach the ,10 level of 

significance, was large enough to require an examination of 

the means to determine the direction of that difference. 

That examination revealed that the difference favored the 

posttest. It could then be concluded that, although the 

experimental group did not attain a significant gain, it is 

much less probable that the program could have had an adverse 

effect on their arithmetic concept skills. 

Hypothesis VII 

The seventh research hypothesis was stated in the null. 

It predicted that no significant difference would be found 

between the pretest and the posttest of the control subjects 

on arithmetic concepts. The Fisher's t technique with re-

peated measures was used to test the hypothesis. Table XI 

presents the results of this test. 
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PRETEST-POSTTEST COMPARISON FOR 
THE CONTROL GROUP 

OH CONCEPTS 

65 

Pretest j Posttest Mean S.D. t ndf P 
Mean I SD f Mean SD Diff. Diff. 
lB.li.3 15.12 P17. W **3759 ,..73. 22 

*-ITot significant. 

It is apparent from Table XI that the slight difference 

in means of the pretest and posttest is not significant at 

the required level (P<.01) for rejecting the null hypothesis. 

Therefore, Hypothesis VII must be retained, Furthermore, 

even though an examination of the means reveals a slight loss 

from the pretest to the posttest, this difference is 30 small 

that no tendency can be determined. 

Hypothesis VIII 

The eighth research hypothesis predicted that no signi-

ficant difference would be found between the pretest and 

posttest scores of the experimental subjects in arithmetic 

-applications. Since the research hypothesis was stated in 

the null, it was tested directly by the Fisher's t technique 

with repeated measures. Table XII present the results of 

this test. 



66 

TABLE] XII 

PRETEST-POSTTEST COMPARISON FOR 
THE EXPERIMENTAL GROUP 

ON APPLICATIONS 

Pretest 
Mean i|SD 
11.09 13.39" 

Posttest 
SD Mean 

10.3Tf33f1 .7 

Mean 
Diff, 

SD 
Diff. 

1.19 

ndf 

22 NS* 

*-Not significant. 

As predicted, the mean difference as shown in Table XII 

was not significant at the required level (P<.01) for re-

jection of the null hypothesis. Thus, Hypothesis VIII would 

appear to be tenable. As was the case with the difference 

in concept scores for the control subjects, the difference 

in the application scores for the experimental subjects—-al-

though showing a slight loss—is too small to detect a defi-

nite trend. 

Hypothesis IX; 

The ninth research hypothesis predicted that no signi-

ficant difference would be found between the pretest and 

posttest scores of the control subjects on arithmetic appli-

cations. Since the research hypothesis was stated in the 

null, it was tested directly by the Fisher's t technique with 

repeated measures. Table XIII presents the result of this 

test. 
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PRETEST-POSTTEST COMPARISON FOR 
THE CONTROL GROUP ON 

APPLICATIONS 
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Pretest Posttest Mean S.D. t ndf P 
Mean 1 SD Mean SD i Diff. Diff. 
10.7^13.3# ZME H H L iToo 3 .6T1 i.27 22 INS* 

-xNot significant* 

As Table XIII indicates the pretest-posttest difference 

did not reach the required level (P<#01) for rejection of 

the null hypothesis. It was, therefore, assumed that Hypo-

thesis IX was tenable. An examination of the means showed 

that difference indicated a mean loss for the control sub-

jects in arithmetic application. This loss, however, was 

too small in comparison to the standard deviation of the 

differences to detect a definite trend. 
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CHAPTER V 

SUMMARY AND CONCLUSIONS 

This chapter contains six parts. ?̂ho first part is a 

brief summary of the experiment. Next is a presentation of 

the findings. The next four parts present conclusions, 

clinical observations, educational implications, and speci-

fic recommendations. 

Summary 

The purpose of this study was to determine the effect 

of prescriptive teaching of remedial arithmetic on seventh-

grade pupils viio were achieving at least one year below grade 

level in arithmetic computation, concepts and application 

skills, A second purpose was to compare the effectiveness 

of prescriptive teaching of arithmetic computation with 

ordinary classroom instruction on the three variables--com-

putation, concepts, and applications. 

Twenty-five pairs of seventh-grade pupils who were matched 

on computation, concept and application skills and who had 

scored in the lower quartile on all scales of the arithmetic 

section of a standardized achievement test were selected for 

the study. One subject from each pair was randomly assigned to 

the experimental group and the other to the control group. 
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The subjects in the control group returned to their re-

gular classroom and received no further special attention 

until the poattest. 

The subjects assigned to the experimental group received 

a concentrated seven-week course on computation skills util-

izing a number of commercial programed materials. Every 

effort was made to provide the experiences appropriate for 

the level of attainment of each subject at all times. The 

appropriate material was determined by a diagnostic test ad-

ministered at the beginning of the program. Progress was con-

stantly noted and the subject was allowed to progress from 

one area of difficulty to another when he displayed competency 

in the previous area. Each subject received personal attention 

every day. Records of progress were kept for each subject. 

The posttests were administered to both the experimental 

subject and his match together in groups that did not exceed 

fourteen subjects. Two subjects were not available for post-

testing; therefore, both their scores and the scores of their 

matches were deleted from the study. 

The test scores were analyzed in two ways to test nine 

research hypothesis. First, the residualized gain scores of 

the experimental subjects were compared with those of the con-

trol subject on the three areas of the pretest and poattest— 

computation, concepts and applications. The second technique 

was a comparison between the pretests and posttests for both 

the experimental and control groups on the three variables. 
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Below are the nine research hypotheses tested. 

1. Mean gain in arithmetic computation of subjects in 

the experimental program will exceed that of the control sub-

jects. 

2. No significant difference will be found between the 

mean gain of the subjects in the experimental program and that 

of the control subjects in arithmetic concepts. 

3. No significant difference will be found between the 

mean gain of the subjects in the experimental program and that 

of the control subjects in arithmetic concepts. 

1|. The scores of the posttests for the subjects in the 

experimental program will be significantly higher than the 

pretest scores on arithmetic computation. 

5. No significant differences will be found between 

pretests and posttests on arithmetic computation for the con-

trol subjects. 

6. No significant differences will be found between 

the pretests and postests on arithmetic concepts for the sub-

jects in the experimental program. 

1 * No significant differences will be found between 

the pretests and posttests on arithmetic concepts for the con-

trol subjects. 

8* No significant differences will be found between the 

tests and posttests on arithmetic application for the subjects 

in the experimental program. 

9. No significant differences will be found between the 

pretests and the posttests on arithmetic application for the 
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Findings 

The results of the simultaneous comparison of the gain 

scores of the experimental and control subjects on computation, 

concepts and applications indicated a marked superiority for 

the experimental group over the control group on one or more 

of these variables. The chance of such large differences oc-

curring by chance was less than one in one-thousand. Most of 

the difference occurred in the computation skills area of the 

tests, but the means of the residualized gain scores in con-

cepts and applications also favored the experimental group. 

The first research hypothesis, which predicted greater 

gains for the subjects in the experimental program than for 

the control subjects in arithmetic computation, was supported. 

The difference, which favored the experimental program, was 

found to be significant beyond the ,001 level* 

Hypothesis 2, which predicted no significant difference 

beWeen the gain scores of the experimental and control sub-

jects in arithmetic concepts, was retained. Although there 

was a slight difference in the means of the residualized gain 

scores favoring the experimental program, this difference did 

not reach the required level of significance (P<,05) for re-

jection of the null hypothesis. 

The third hypothesis predicted no significant difference 

between the gain scores of the experimental and control sub-

jects in arithmetic applications. This hypothesis was retained. 

Although there was a mean difference favoring the experimental 

program, the required level of significance for rejection of 

the null hypothesis was not attained. 
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Hypothesis Ij. predicted significantly higher posttest 

scores than pretest scores for the experimental subjects on 

computation. This hypothesis was supported when the difference 

between the means indicated a gain significant beyond the .001 

level. 

The fifth hypothesis predicted no difference between the 

pretest and posttest scores of the control subjects on compu-

tation. The hypothesis was retained when the required level 

of significance for rejection (P<".01) was not attained. The 

difference was near significant (P<«02), but an examination 

of the means disclosed that the direction of the difference 

indicated a near significant loss rather than gain. 

No significant difference between the pretest and post-

test of the experimental subjects on arithmetic concepts was 

predicted by the sixth hypothesis. Although the difference 

indicated a gain, it did not reach the required level of signi-

ficance (P<.01). The hypothesis was, therefore, retained. 

Similarly, no significant difference between the pretest 

and posttest scores of the control subjects on arithmetic con-

cepts was predicted by Hypothesis 7» The hypothesis was re-

tained T*hen the difference, which indicated a very slight loss, 

failed to reach the required level of significance. 

The eighth hypothesis, which predicted no difference be-

tween the pretest and posttest scores of the experimental 

group on arithmetic applications, was retained when the dif-

ference, which indicated a slight mean loss, failed to reach 

the required level of significance. 
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The ninth and last hypothesis predicted no significant 

difference between the pretests and posttests of the control 

subjects. The hypothesis was retained when the difference, 

which indicated a slightly greater mean loss than the experi-

mental group had shown on this variable, failed to reach the 

required level of significance. 

Conclusions 

The effect of a highly individualized prescriptive 

teaching program in which underachievers in arithmetic received 

remedial instruction via programmed or self-instructional ma-

terials in arithmetic computation was studied. The following 

conclusions were drawn from the findings, 

1. Greater gains in computational skills are made in a 

prescriptive program such as the one described in this study 

than in the- ordinary classroom situation. 

2. Subjects in a program such as the one described in 

this study at least as well as subjects in the ordinary class-

room situation in arithmetic concept and application skills. 

3. Computational skills can be improved by a prescrip-

tive program such as the one described in this study. 

lu No loss appears in the related areas of arithmetic 

concepts and applications when a concentrated attack on com-

putation weaknesses is made. 

5. No gain in arithmetic computation, concepts, or 

application is made by underachievers in arithmetic during 
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the last seven weeks of school in the ordinary classroom situ-

ation, 

6, Programmed materials, when selectively utilized for 

specific goals, can be effectively combined in a flexible se-

quence of learning activities. 

Clinical Observations 

Most subjects progressed very smoothly through the tasks 

prescribed for them. Unfortunately, however, this was not 

uniformly true. Two distinct types of problems presented them-

selves, The first type of problem involved students who mis-

used the materials. They frequently were noticed looking to 

the reinforcement frames for the answers rather than trying to 

solve the problems themselves. This problem was similar to 

the student copying the answers from the back of a standard 

textbook. Although effort was made to eliminate this type of 

behavior, it was only partially successful. 

The second type of problem encountered was much worse in 

many ways. Some students were persistantly disruptive. This 

created a serious problem in one of two way3. Either they re-

quired excessive attention which took time from constructive 

teaching activities, or they distracted the attention.of others. 

The small group setting probably served as a catalyst for the 

disruptive behavior of these students. This problem was more 

pronounced in classes which contained all boys or all girla. 

A more autocratic teacher-student relationship might have been 

more effective in dealing with these problems. 
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The problems mentioned above are but further recommen-

dations for prescriptive teaching with the addition of more 

alternatives. Not all relevant variables were considered in 

this study, 

A subject who had difficulty learning with a particular 

type of programmed material initially usually had difficulty 

with that type of program throughout the study. Although this 

was not universally true, the tendencey was marked. It should 

be pointed out, however, few subjects showed difficulty with 

any of the materials since they were selected to meet the in-

dividual needs of each subject. 

Fatigue was a very significant factor limiting the pro-

gress of the subjects in the experimental program. Fatigue 

worked in two ways. First, a full period was too long a time 

for most subjects to concentrate on the same type of activity. 

The second way in which fatigue became a factor was when a sub-

ject spent too much time on the same program or dealing with 

the same problem area. Short programs with specific short tern 

objectives were found to be more effective than longer programs 

with delayed gratification or complex objectives. 

It should be pointed out that the observations above are 

just observations. They are not the result of scientific anal-

ysis, It would seem feasable to make an investigation of some 

of these variables. 
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Implications 

Strengthening students with serious weaknesses in arith-

metic must remain a primary concern of all teachers of mathe-

matics aa well as other interested groups. It is hoped that 

the following implications of this study will be of use to 

anyone seeking guidelines for selecting or developing a pro-

gram of remedial arithmetic. 

1, Serious consideration should be given to the idea of 

prescriptive remediation of specific skills. 

2, The use of selected programmed materials should be 

given consideration as a means of individualizing instruction, 

3, Pear of removing pupils from the ordinary classroom 

situation for remediation of specific learning problems were 

within the scope of this study, unfounded, 

t).. Although the results of this study show a great deal 

of promise for the prescriptive teaching of computation skills, 

a direct attack on computation weaknesses should not be seen aa 

the only means by which these weaknesses can be remediated. 

Recommendations 

The highly significant findings of this study would pre-

sent a number of possible recommendations. It would be of 

value to conduct the following studies: 

1. A study of this type in a larger school district 

with more subjects. 

2. A study of this type in which the same teachers 

taught both the experimental and control subjects. 
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3, A study to determine the effect of class size on the 

effectiveness of prescriptive teaching, 

Ij., A study to determine the effectiveness of prescrip-

tive teaching in other subject areas, 

5, A study to evaluate a program such as this one on a 

part time basis. 

6, A study to evaluate a program such as this as a con-

tinuous program with students entering and leaving as their 

individual needs dictate, 

7, A study like this to determine retention, 

8, A study of this type for more able students# 

The recommendations above are but a few of the many pos-

sible extension of this study. It is hoped that they be 

given serious consideration since the only means by which the 

needs of all pupils can be met is by individualization of in-

struction, And, if individualized instruction is to be ef-

fective, 3ome basis for the selection of learning activities 

must be used. It is believed that the judgement of profes-

sionally trained teachers who have been made aware of the 

individual needs and abilities of the pupils in their classes 

would be superior to either the hit-or-miss method of group 

instruction or the principle of self-selection in which pupils 

blindly try to select learning activities for themselves. 

One final recommendation can be made on the basis of 

this study. Since it has been shown that a program of pres-

criptive teaching such as the one described is a very 
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effective means by which to overcome specific skill weaknesses, 

it is recommended that his typo of program be initiated in at 

least some of the schools receiving Federal money for the im-

provement of educational opportunities for the culturally de-

prived. This recommendation should apply not only to those 

schools receiving financial assistance, but also to any 

school with adequate commitment to the educationally disad-

vantaged, 

* 
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PROGRESS SHEET 

Pupil: 

Reading 

Pretest 

Date 

5 7 T 

k/9 

k/9-ll 

k/ii-ih 

l|/llj.-l6 

^heryl Brabham 

Level: 7*2 

Scores: Computation: 3^ 
Concepts: 20 
Applications: 13 

Material 
L S I Locator* - TdcTition 

L S I Locator - Subtraction 

L S I Locator » 

L S Locator - Division 

L S I Addition- Level C 

U/17-22 L S I Multiplication-Level C 

l|/22-25 L S I Subtract ion-Level C 

I4./25 Teacher assigned problems 

V28-5/6 L S I Division-Level C 

5/7-12 L S I Addition-Level D 

5/13 Problems missed on L S I 
Locators through Level J) 

5/1^-21 Programmed Hath: Fractions 

Problem Area 

Diagnostic 

Diagnostic 

Diagnostic 

Diagnostic 

Addition of 
Fractions 

Multiplication of 
Whole Numbers 

All areas at this 
Level 

Add,, Sub,, & Mul# 

Whole numbers & 
money 

All areas at this 
level 

Diagnostic 

General weakness in 
Fractions 

Posttest Scores: Computation I4.3 
Concepts 23 
Applicationsl8 



PROGRESS SHEET 

82 

Pupil: 

Reading 

Pretest 

Dates 

I57ar-

U/9 

li/io-ii 

k/n-ik 
kA$-n 

k/n-zz 
U/25-30 

&ichard Crawford 

Level: $,1 

Scorea: Computation 3I4. 
Concepts 13 
Applications 10 

Material 
L S I Locator « Addition 

L S I Locator » Subtraction 

L S I Locator - Multiplication 

L S I Locator ~ Division 

^Programmed Math: Fractions 
tenant** 

*-A S H D - Multiplication 

•>s-A S M D - Subtraction 

b/30-^/7 *A S M D - Division 

5/7-9 Audio-Graphic Program 

5/12-21 x-Prog rammed Math: Fractions 

Posttest Scores: Computation 31 
Concepts 21 
Applica-
tions 7 

# with auditory reading assistance 

Problem Area 
Fiagnostic 

Diagnostic 

Diagnostic 

Diagnostic 

Addition and Sub-
traction of 
Fractions with 
like denom. 

Mul. of whole no« 

Sub. of whole no, 

Div# of whole no. 

Reducing Fractions 

Entire Program 
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PROGRESS SHEET 

Pup i l : Brenda H i l l 

Reading ^ a v e l : 7»1 

P r e t e s t Scores: Computation 39 
Concepts 16 
Appl ica t ions lij. 

Dates Mate r ia l s Problem Area 
1 L S_ inCocator: Add. t>iagnos"tio' 

k/9 L S I Locator : Sub, Diagnost ic 

k/10-11 L S I Locator : Mul. Diagnost ic 

k/H-lk L S I Loca tor : Div. d i agnos t i c 

I j / l 5 - l 6 Absent 

k/17 L S I Add. - Level C F r a c t i o n s 

I4./IS L S I Sub. - Level C F rac t ions 

k/21 L S I Add. - Level AB Frac t i ons 

k/21 L S I Add. » Level G Frac t ions (Repeated) 

lj./22-23 L S I Mul. - Level C Whole numbers 

It/23-25 L S I Add. - Level D A l l 

I+/28 Absent 

4 /29 . L S I Mul. - LqvqI D Frac t ions 

U/30-5/2 L S I Sub. - Level D Al l 

5/2 - 5 L S I Djy. - Level D F rac t i ons 

5 /5 Test on Frac t ions Diagnost ic 

5 /6-8 Absent 

5/9-19 Programmed M a t h : F r ac t i ons General Weakness i n 

5 /10-21 
Frac t ions 

5/10-21 Decimals aid Percentage I Add., Sub.- Dec* i 
P o s t t e s t Scores : Computation ki ! 

Concepts 17 
Appl ica t ions 13 
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PROGRESS SHEET 

Pupil: . cheryl Trapp 

Reading Level: 6.8 

Pretest Scores; Computation 
Concepts 
Applicationa 

38 
19 
9 

Dates 
WfT" L S 

Material Problem Area 
^agnostic 

k/9 L 3 I Locator: Sub. Diagnostic 

k/io L S I Locator: Mul. Diagnostic 

k/H L S I Locator: Div. Diagnostic 

L S I Div. , Level AB Whole Numbers 

ij./l6-26 A S M D Div. Whole Numbers 

1+/28 L S I Add. Level c Fractions 

V29-30 L S I Mul, ̂ evel c Whole Humbers 

5/1-2 L S I Add. Level D All of Program 

5/5-6 L S I sub, ijevel D All 

5/7-9 L S I Div. Level D All 

5/9-13 L S I Add. Level EP All 

5/13-15 L S I ̂  ub. Level EP All 

5/16-19 L S I Mul. ^evel EP All 

5/19-21 L S 
mm « « 

I Div. Level EP All 

Posttest Scores: Computation 
Concepts 
Applications 

39 
23 
11 
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PROGRESS SHEET 

Pupil: Jerry Turner 

Reading Level: 6,5 

Pretest Scores: Gomputati on 
Concepts 
Applications 

28 
2l\. 
14 

Dates Material Problem Area 

k/s L S I Locator: Add, Diagnostic 

k/9 L S I Locator: Sub, Diagnostic 

14/9-10 L S I Locator: Mul, Diagnostic 

ll/10-ll L S I Locator: Div, Diagnostic 

î /ll-li}. L S I: Mul, Level AB Mul, of whole no. 

kAh-iS L S Level C Fractions 

l*/l5-l6 L S JE: ̂ ub. Level AB Fractions 

k/l7-21 A S M D: Mul. Whole no. 

2j./22-23 L S I: Sub, Level C All at this level 

U/2U.-S/6 Programmed Math: Fractions All of program 

5/7-21 Decimals and Percentage I Decimals-all oper 

Posttest Scores : Computation 
Concepts 
Applications 

39 
23 
15 
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PROGRESS SHEET 

Lev0l"*"D~ 

5/12-21 Programmed Math: Prac. 

Pupil: Roy Paxton 

Reading ^evel : 6,1 

Pretest Scores: Computation 35 
Concepts 9 
Applications 10 

Datea Materials Problem Area 

k/Q __L S I Locator: Add, Diagnostic 

k/9 L S I Locator: sub. Diagnostic 

k/io L S 
WWW BwMI 

I Locator: Mul* Diagnostic 

k/ll L S I Locator: Div, Diagnos tic 

kAk L S I Sub, Level C Fractions 

kM-iS L S I Sub. Level G Fractions 

L S I Mul, Level D Whole numbers 

I4./21-23 L S 1 Adda Level D All 

l|/2l|.-30 L S 
VMS ***» 

I Mul, Level B All 

5/l*-8 L S £ 2-Lx> L a v e^ £ All 

5/9 Quiz on problems missed Diagnostic 5/9 
on L S I Locators through 

Fractions (all) 

Posttest Scores: Computation l\.2 
Concepts lk 
Applications 8 
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Pupil: Rosalind Jones 

Reading Level: 6.8 

Pretest Scores: 

5/9-16 

Computation 
Concepts 
Applications 

37 
23 
10 

Dates 
4/8 ' L S I 

Materials 
Locator: Add. 

Problem Area 
Diagnostic 

4/9 L s I Locator: Sub, Diagnostic 

U/io L s I Locator: Mul. Diagnostic 

4/11 L s I Locator: Div. Diagnostic 

4/14-15 L s I Dlv, Level C All 

4/16 L s I Add. Level A-•B Fractions 

4 / 1 7 - 1 8 L_ s I Add. Level C Fractions 

4 / 2 1 - 2 2 L s I Add. Level D All 

4/22-24 L s I Mul. Level D All 

4/25 Quiz Diagnostic 

4/28-29 L s I Sub. Level C All 

4/30 Quiz Diagnostic 

4/30-5/1 L s I Sub, Level D All 

5/2 L s I Div. Level D All 

5/5 Quiz Diagnos tic 

5/6 L s I Sub. Level E-•F All 

5/7-8 L s I Add. Level E-•F All 

Programed Math Fractions 

5/19 Programmed Math Test 
Posttest Score's! Computation 

Cone epts 
Applications 

39 
23 
14 
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Pupil: George Davis 

Reading Level: lj.,1 

Protest Scores: 

Dates Materials 

V 8 L S I Locator: Add 

L S I Locator: 

lj./10-Uj. Absent 

4/1^ L S I Locator: Mul 

l|/l6 L S I Locator: Div 

I4./I7 Absent 

k/l8«-5/8 ---A S m D: Add 

(Absent 1̂ /21, î /23, lj/28, 

5/8-15 -»-A S M D: Sub 

5/15-21 -::-A S M D : Mul 

(Absent 5/l6) 

Computation 12 
Concepts 7 
Applications 5 

Problem Area 

Diagnostic 

Diagnostic 

Diagnostic 

Diagnostic 

Whole numbers 

U/30, 5/1, 5/5, 5/6) 

Whole numbers 

Whole numbers 

Posttest Scores: Computation 
Concepts 
Applications 

llj. 
7 
5 

*»¥ith auditory reading assistance 
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Pupil: Randy Testerman 

Reading Level: 6,6 

Pretest Scores: 

5/2-* 

5/5-15 

5/16-21 

Computation 
Concepts 
Applications 

kO 

L S I : Div. Level Eg 

Decimals and Percentage I 

Decimal3 and Percentage II 

Posttest Scores: Computation J}.8 
Concepts 23 
Applications 18 

Dates 
I|/8 1 

Material 
L S I Locator: Add. 

Problem Area 
Diagnostic 

k/9 L S I Locator: Sub. Diagnostic 

k/9-10 L S I Locator: Mul. Diagnostic 

k/10-11 L S I Locator: Div. Diagnostic 

hAk L S I Add. Level £ Decimals 

k/lk L S I Add. Level D Decimals 

k/l$ L S I SUk. kevel D All 

UA5-18 L S I Mul. Level D All 

k/21 Absent 

l4./22«23 L S I Div. Level £ All 

[j/23-28 L S I Div. Level D All 

U/29 L S I Add. Level EF All 

^/29-30 L S I Sub. Level EF All 

5/1 Quiz on all problems missed 
on L S I Locators 

Diagnostic 

All 

All 

First Half 
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PROGRESS SHEET 

Pupil: Jamas Miller 

Reading Level: 6,1 

Pretest Scores: Computation 
Concepts 
Applications 

20 
9 
k 

Dates 
1J78C9 

Material 
L S I Locator: Add, 

Problem Area 
ITiagnostio 

k/9 L S I Locator: Sub, (started)Diagnostic 

k/io Absent 

k/11 L S I Locator: Sub. Diagnostic 

Absent 

k/x$ L S I Locator Mul. (Started) Diagnostic 

k/16 Absent 

k/17 Assembly-no class 

1+/18 L S I Locator Mul, Diagnostic 

1+/18-22 L S I Locator Div. Diagnostic 

k/23-29 A S M D Mul. Whole numbers 

k/30 L S I Add. Level AB Fractions only 

k/30 £ 1 I £»£• Level AB Fractions only 

k/30-^/2 L S I Add. Level C Fractions only 

5/2-5/5 Audio-Graphic Program Reducing Frao. 

5/5-5/8 L S I Add. Level D Fractions only 

5/9-21 Propr. Math: Fractionŝ  Fractions 

Posttest: Computation 1+0 
Concepts 15 
Applications 10 

! 

1 ! 
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